Green pea (Pisurmt sativum L. var. Alaska) stem segments that were aged in buffer responded differently after aging depending on whether they were floating or submerged, or bubbled with air or N2. Segments aged anaerobically for only 1 to 2 hours at 23 C responded to subsequent aerobic conditions by elongating more rapidly than aerobically aged sections. Longer periods of anaerobic treatment (up to 5 hours at 23 C) caused sections to exhibit an auxin-insensitive growth lag and reversible shrinkage. The shrinkage accelerated upon return to aerobic conditions but reversed after 1 to 2 hours. Green pea stem segments therefore require vigorous aeration during aging and growth measurements.
When measuring short-term changes in plant growth, it is desirable to obtain a steady growth rate or base line before experimentally perturbing the system. To this end, stem and coleoptile segments are often "pretreated," "preconditioned,"
or "aged" before use in growth measurements. The treatment usually consists of incubation in water or buffer for 30 min to 2 hr (2-4, 9-12). Aging presumably dissipates (by metabolism, transport, diffusion, and dilution) endogenous growth regulating substances. It also reduces problems associated with the response of tissues to cutting or tactile stimuli, as wounding or mechanical stimulation cause, in some tissues, a transitory acceleration of growth (4, 6) and respiration (1, 8) .
We have investigated the growth effects of various conditions (both prior to and during growth measurements) on light-grown pea stem segments. With such information, the effects of subsequent treatments can be ascribed with greater confidence to the experimental treatment, not to endogenous conditions.
MATERIALS AND METHODS
"Aging" is operationally defined as the treatments or manipulations (excepting infiltration) of segments between excision and growth measurements. One-cm segments were excised from the expanding third internode of 10-day-old, glasshouse-grown Alaska peas (Pisum sativum L. var Alaska) and placed in 20 mm phosphate buffer. Since preharvest illumination was found to affect the response of segments (unpublished results), seedlings were harvested after at least 3 hr of daylight. In some experiments the segments were vacuum infiltrated with buffer until all sank, and either air or N2 was bubbled through the buffer. During extended periods of aerobic aging, the stem segments elongated appreciably (up to 60%). These segments were used in growth measurements without excising to the original 1-cm length.
The auxanometer was similar to apparatus previously described (3, 4) . Ten segments were stacked in polyethylene tubing (i.d. 2.5 mm) which was ventilated with a helical slit. Growth of the segments was measured with an angular position transducer (Gould Incorporated, Cleveland, Ohio) and a potentiometric recorder. Solutions were pumped through the 3 ml growth chamber at a flow rate of 100 ml/hr. An in-line location of syringes permitted rapid withdrawal and injection of different solutions. Unless otherwise stated, 100% 02 was bubbled through the growth chamber. To obtain O2-free solutions, the buffer reservoir and growth chamber were bubbled with N2.
All growth measurements were performed at room temperature (22-24 C) under dim fluorescent illumination (220 txw/ cm2). The response of segments to this light intensity did not differ from that of those in darkness. In experiments where concomitant measurements of experimental and control segments was critical, two columns of segments were measured simultaneously (using two transducers). All experiments were performed a minimum of three times with different lots of plant material in each repetition. Figures are tracings from representative recorder charts. Growth rates were determined from the slope of the cUrves and rounded to the nearest whole number.
RESULTS
Early results of growth-measuring experiments were quite variable until we began to discriminate between sections (noninfiltrated) which floated or sank during aging. The very high initial rate of elongation (9 [tm/min) of nonaged "floaters" or "sinkers" decayed over 2 to 3 hr to a "basal" growth rate (I ,tm/min) which could be sustained for more than 3 hr. Aged floating segments attained the same, nearly uniform basal rate after 1 hr or less (Fig. 1) . Floating segments were viable and responsive to 10 pcM IAA after aging 4 days at 3 C. The auxin-induced growth rate (8 im/min) which followed a consistent 10 to 15 min latent period was about 10 times that of the non-IAA treated segments. In contrast to the vigor and nearly uniform response of floating sections, after 40 to 72 hr of aging, sunken segments initially shrank and only after AGING AND GROWTH OF GREEN STEM SEGMENTS trol before 1 hr (Fig. 3) . In three other repetitions of this experiment, the divergence came between 30 1 to 2 hr showed evidence of elongation. After about 72 hr of submerged incubation, the sections no longer appeared to be able to reverse the shrinkage process. All actively elongating segments were responsive to 10 p.M IAA. Floating sections which were vacuum infiltrated, causing them to sink, responded as sections which sank without infiltration.
Segments aged up to 14 days at 3 C in air-bubbled buffer retained the ability to grow and were responsive to IAA. They did, however, become progressively less active in terms of basal and auxin-induced growth rates after about 5 days. Bubbling with N2, rather than air, caused various changes with increasing periods of anaerobic aging at 3 C (Fig. 2) : total growth decreased; the initial, rapid (4 jum/min) growth phase (as delimited by the shoulder in 16-through 22-hr segments) was progressively damped out; a nongrowing lag period developed, becoming progressively longer; and a reversible shrinkage appeared. In contrast to these changes, the basal growth rates attained by most of the columns of segments were similar to each other and to those aged in air (1 p.m/min). Also similar was the auxin-induced growth rate which followed a 10 to 15 min latent period.
Anaerobic aging at room temperature for 1 to 2 hr produced (after a short lag) an extremely rapid growth rate (17 u.m/min) in the subsequently oxygenated growing conditions (Fig. 3, solid lines) . In similar experiments the progression of transitions and growth phases after 1, 2, 3, and 4 hr of aging were the same as with segments aged anaerobically at 3 C for much longer periods: decreasing total growth, decreasing first maximal growth phase, increasing lag period, and shrinkage before growth was observed.
When IAA was applied to oxygenated sections after anaerobic aging at room temperature for 4 hr, the auxin-treated segments showed no divergence in growth rates from the con- FIG. 4 . Growth responses during and following anaerobic treatment. Growth of freshly cut, infiltrated segments was measured in N2-bubbled buffer at 23 C. The bubbling gas was changed to 100% 02 at the arrow. A growth curve for freshly cut sections in 02 is also shown (upper curve). The horizontal axis is time (hr) after excision. ments almost completely within a few minutes (Fig. 4) . Typically, some elongation continued for about 2 hr, after which shrinkage began and gradually accelerated. When aerobic conditions were restored, the sections responded within 1 to 2 min by markedly increasing their rate of shrinkage. After about 1 hr the shrinkage ceased and elongation began.
DISCUSSION
Growth of pea stem segments, immediately following excision, is very rapid. This rapid growth decays however to a steady, lower rate after 2 to 3 hr of aerobic treatment. The deceleration is probably due to depletion of endogenous growth substances and/or recovery from mechanical stimulation. Whatever their cause, the changes in elongation rates are unwanted complications when studying short term growth in response to experimental treatments. Proper aging can eliminate such complications. For green pea stem segments, we would suggest a 24-hr aerobic aging period at 3 C. This pretreatment produces segments which, when placed in an auxanometer, rapidly achieve and maintain a basal growth rate. Sections maintained aerobically at the low temperature show little change in their responses for up to 5 days of aging. This permits numerous experiments to be performed over several days on a single lot of plant material and thereby reduces variation occasioned by the vagaries of growth in greenhouses as well as that of many growth cabinets.
'IN 4D DAVIES Plant Physiol. Vol. 55, 1975 Improper aging can produce artifacts and perhaps more serious interpretive problems. Under nonbubbled conditions, the solubility of 0, in water at equilibrium with air (.03 1/1 at 23 C) and the rate of 02 diffusion (10' times faster in the gaseous phase than in water [7] ) will cause 02 to become limiting for respiring tissue. We suggest therefore that when segments are placed in solutions for aging, vigorous bubbling should be employed to increase 02 dispersion and mixing. This is especially important in the restricted flow conditions of growthmeasuring systems. Oxygen became limiting in our system unless it was bubbled directly through the growth chamber (unpublished results). The turbulence created by the bubbling presumably mixed otherwise unstirred 02-depleted layers.
The processes affected by anaerobic aging seem to be metabolic as indicated by the responses of sections aged at 3 C and 23 C. The primary difference between aging at the two temperatures is the length of time required to produce equivalent responses. The response observed after 4 hr of N2 bubbling at 23 C is comparable (note different time scales in Fig. 2 and  3 ) to the response of sections so bubbled at 3 C for 24 hr.
This gives a Q'0 of about 2.4 for the processes leading to the growth lag and shrinkage phenomena. Using a somewhat different approach, Fantinet (5) found that A vena coleoptile segments lost their long-term responsiveness to IAA four times faster at 23 C than 3 C.
We are presently investigating the causes of the various phenomena associated with a return to aerobic conditions after anaerobic aging. The lag period in which sections cannot elongate even in response to IAA may bear significantly on the mechanism of auxin-mediated growth, e.g. representing the synthesis period for "growth limiting proteins." The explanation may be more trivial, however, reflecting anaerobically damaged membranes and reduced turgor. Such an hypothesis (leaky membrane) is especially attractive for the shrinkage induced by longer periods of anaerobic aging. The rapid growth following a short period of anaerobic treatment noted previously by Penny et al. (9) is also under study.
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